To investigate the molecular organization and phase behavior of physiologic lipid mixtures that contain either newly synthesized pseudoceramide or type III synthetic ceramide, various analytical techniques were used. The phase transition temperatures detected in di¡erential scanning calorimetry analysis were 51.19 and 50.52 for the pseudoceramide-containing physiologic lipid mixture and synthetic type III ceramide-containing lipid mixture, respectively. From the small angle XRD patterns, the multilamellar emulsion-pseudoceramide showed 11.5 nm and 7.61 nm lamellar phases, while the multilamellar emulsion-synthetic ceramide showed only a 7.61 nm lamellar phase. The nonceramide containing lipid mixture did not show any distinct repeat pattern. Lateral packing distances of multilamellar emulsion-pseudoceramide and multilamellar emulsion-synthetic ceramide were measured as 0.4119 and 0.4110 nm at 30, respectively, which indicated the presence of hexagonal lattice. On the contrary, non-multilamellar emulsion did not show any de¢nite repeat pattern. Transmission electron microscopy observation showed nearly comparable lamellar structures in all of the tested emulsions compared to the structure of human stratum corneum intercellular lipid. Decrease of water contents resulted in phase transition into liquid phase for all the tested emulsions, whereas phase transition into orthorhombic phase was observed only in multilamellar emulsion-pseudoceramide. From these results, we concluded that the molecular organization of multilamellar emulsion-pseudoceramide was characterized as the lateral hexagonal phase and both the long and short periodicity lamellar phases, which showed structural similarity with the native human stratum corneum intercellular lipid. Key words: epidermal permeability barrier/multilamellar emulsion/pseudoceramide/stratum corneum lipid/synthetic ceramide. J Invest Dermatol 121: 794^801, 2003 
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Diseased skin often shows an impaired skin barrier function, possibly due to the deviation of SC intercellular lipid composition and subsequent defects in molecular organization (Yamamoto et al, 1991; Lavrijsen et al, 1995; Bleck et al, 1999; Pilgram et al, 2001) . In terms of the molecular organization of SC intercellular lipids, skin diseases such as atopic dermatitis and lamellar ichthyosis show increased hexagonal lattice, along with de¢cien-cies in long chain fatty acids and certain type of ceramides (Bouwstra et al, , 1998a Pilgram et al, 1999) . Thus detailed information about the relationship between the molecular organization of SC intercellular lipids and their composition is of great importance to understand the skin barrier function as well as the disorder of the SC itself (Elias et al, 1983) .
Although the molecular organization of the intercellular lipids has not been completely elucidated, it is clear from many studies that the lipids are organized as highly ordered lamellar structures (Swartzendruber et al, 1989; Kitson et al, 1994; ten Grotenhuis et al, 1996; Kuempel et al, 1998; Bouwstra et al, 1999; Moore and Rerek, 2000) . As for the lateral organization, it seems that the intercellular lipids exist in vivo as a balanced state between either orthorhombic and hexagonal phases or liquid crystalline phase depending on the various environmental and intrinsic factors, such as relative humidity, exposure to topical agents, skin temperature, and the depth within SC Frobe et al, 1990; Rawling et al, 1995; Pilgram et al, 1998) .
In previous studies using pig, murine, and human skin models, a lamella phase with a periodicity of about 13 nm was shown. A second lamella phase with a periodicity of 6 nm was also present in human and pig SC (White et al, 1988; Bouwstra et al, 1991 Bouwstra et al, , 1994 Bouwstra et al, , 1995 . Furthermore, in murine and human skin, the lipids were mainly organized in an orthorhombic lateral structure, whereas in pig skin, the lipids were in a hexagonal structure (White et al, 1988; Bouwstra et al, 1992 Bouwstra et al, , 1994 . As the 13 nm phase existed in all examined species and was an unusual lipid arrangement, this phase has been considered to be important for the permeability barrier function (Bouwstra et al, 2002) .
Recently, we have reported the synthesis of new pseudoceramide and the formulation of multilamellar emulsion using the newly synthesized pseudoceramide (MLE-PC) (Park et al, 1999 (Park et al, , 2000 . Also, the topical application of MLE^PC on barrier disrupted hairless mice skin, both acutely and chronically, was proved to be e¡ective for barrier function recovery and maintaining normal skin homeostasis, compared with nontreated skin. Another emulsion was also prepared with nearly the same components as MLE-PC, except the pseudoceramide contents and some emulsifying agents. The emulsion without pseudoceramide (non-MLE) did not express the multilamellar structure and did not show a signi¢-cant e¡ect on the recovery rate (Park et al, 2001a) .
According to the previous reports, topical application of physiologic lipid mixtures, which contain the main components of SC intercellular lipids such as ceramide, free fatty acids, and cholesterol, leads to the e¡ective recovery of both acutely and chronically disrupted skin barrier function (Mao-Qiang et al, 1996) . As the MLE-PC has the main physiologic lipid components, and non-MLE has only free fatty acids and cholesterol contents, it seems that the pseudoceramide content plays a major part for recovery of skin barrier function. In addition to the pseudoceramide contents, another signi¢cant di¡erence between MLE-PC and non-MLE is the existence of a lamellar structure of the emulsion. Although the lamellar structure could play some part in barrier function recovery, little research has been done about the role of the molecular organization of topical formulation on skin barrier function.
In this study, we investigated the molecular organization of MLE-PC and non-MLE and tried to correlate the clinical e¡ects of topically applied emulsion and its structure. In addition, we have formulated another emulsion with type III synthetic ceramide (MLE-SC) ( Table I ) and investigated its structure. In a previous report about the e¡ects of speci¢c ceramide on the molecular organization of lipid mixture, it was proposed that the presence of ceramide 1 is crucial for proper lipid phase behavior in the mixture (Bouwstra et al, 2002) . According to this proposal, the MLE-SC with synthetic type III ceramide, could not express the proper phase behavior.
At ¢rst, we investigated the molecular organization and structure of MLE-PC, non-MLE, and MLE-SC using di¡erential scanning calorimetry (DSC), X-ray di¡raction (XRD), and transmission-electron microscopy (TEM) methods. Secondly, we observed whether any structural changes occurred under dry conditions, which could result in the phase transition. Finally, we investigated whether there is any relationship between the molecular organization of emulsion before and after topical application on the skin. This structural change could provide valuable information about the e¡ects of the molecular organization of emulsions on skin barrier function when topically applied on the skin, as well as information about the structure of native intercellular lipids in SC.
MATERIALS AND METHODS
Preparation of emulsion Stearic acid, cholesterol, and fatty acid triglyceride were purchased from Junsei Chemical Co. (Tokyo, Japan) and glyceryl monostearate and POE(15) glyceryl monostearate were from Nihon Emulsion Co (Tokyo, Japan). Cetanol and 2-octyldodecanol were from Kao Co. (Tokyo, Japan) and Henkel (Dˇsseldorf, Germany), respectively. Squalane (Kishimoto Co., Hyogo, Japan) and carboxyl vinyl polymer (B.F. Goodrich, Cleveland, Ohio) were also used for the preparation of emulsions. Synthesis of pseudoceramide (myristyl/palmityloxo-stearamide/arachamide MEA: C 34 H 67 NO 3 /C 36 H 71 NO 3 /C 38 H 75 NO 3 ¼ 11:42:47%; Fig 1A) and its chemical characteristics were described in a previous report (Park et al, 2000) . MLE-PC and non-MLE, which was composed of nearly the same components as the MLE-PC except the pseudoceramide, were prepared according to a previously reported method (Park et al, 2001b) . In brief, the physiologic lipid components (pseudoceramide, stearic acid, and cholesterol), oils, common base (cetanol, 2-octyldodecanol, squalane, and fatty acid triglyceride), and emulsi¢ers (glyceryl monostearate, POE(15) glyceryl monostearate) were mixed and melted at 85 to 901C. The water and water-soluble components (glycerine, 1,3 -butylene glycol) were added slowly with vigorous agitation by homomixer (T.K. Homomixer Mark II f-model, Tokyo Co. Ltd, Tokyo, Japan) at 701C. After emulsifying, the mixtures were cooled to room temperature. MLE-SC was prepared with the same components as MLE-PC except for the use of type III synthetic ceramide (ceramide IIIB type: C 36 H 73 NO 4 ; Fig 1B) instead of pseudoceramide. Light and electron microscope A small amount of emulsions was spread on the slide glass and the optical anisotropy was observed under the cross-polarized light microscope (Optiphot-2, Nikon, Tokyo, Japan). For electron microscopic observation, all of the emulsions were embedded in 3% (w/v) agar solution. After complete dispersion of the agar solution, 10% (w/v) of emulsion was added and hardened at room temperature for 48 h. The embedded specimens were processed as per previously described methods (Choi et al, 1997; Ahn et al, 1999) . Brie£y, the agar-embedded emulsions were minced to 0.5 mm 3 , ¢xed in modi¢ed Karnovsky's ¢xative solution overnight, washed with 0.1 M of cacodylate bu¡er, and post¢xed in 0.2% ruthenium tetroxide (Polsciences, Warrington, Pennsylvania) in 0.1 M cacodylate bu¡er for 45 min in the dark at room temperature. After rinsing the bu¡er, the specimens were dehydrated in a graded ethanol series and substituted with propylene oxide, and ¢nally embedded in Epon resin. Ultrathin sections (60^80 nm) were double-stained with uranyl acetate and lead citrate, and examined with a Philips CM10 electron microscope operating at 80 kV.
XRD All measurements were carried out at the Korea Research Institute for Chemical Technology (KRICT; Taejeon, Korea) using D8 Discover XRD (Bruker, Germany) with GADDS (General Area Detector Di¡raction System). For small-angle X-ray scattering (SAXD), the samples were placed in a capillary (Mark-R˛hrchem aus Glas no. 10, length 80 mm, Auen Ò 0.7 mm (external diameter), article no. 4007807, Hilgenberg, Germany). Cu-Ka radiation (l ¼ 1.5405A î , using monochromator) was used with power at 40 kV and 45 mA. The collimeter was ¢xed at 0.1 mm and the counting time was 30 min per step. The scattered beams from the samples were transmitted through 30 cm of helium gas tube. The scattered intensities were measured as a function of y, the scattering angle.
For wide-angle X-ray scattering (WAXD), the samples were placed in a capillary (Mark-R˛hrchem aus Glas no. 10, length 80 mm, Auen Ò 0.7 mm, article no. 4007807, Hilgenberg, Germany) and the temperatures of the samples were controlled by the D8 Discover XRD for high temperature WXRD. Cu-Ka radiation (l ¼ 1.5405A î , using monochromator) was used with power setting of 40 kV and 40 mA. The collimeter was ¢xed at 0.3 mm and the counting time was 150 s per step. The scattered beams from the samples were transmitted through 30 cm of helium gas tube.
Phase transition For the study of phase transition, 5 g of each emulsion was spread in the Petri dish and incubated at 451C for 24 h. The phasetransited samples were placed in the general sample holder and observed with XRD. DSC DSC (model 2910, TA Instruments, New Castle, Delaware) was used for the phase transition study of emulsions according to the temperature elevation. The heat of fusion was observed between À101C and 901C with nitrogen purge at the rate of 50 mL per min. The heating rate was 101C per min.
RESULTS
MLE-PC and MLE-SC showed typical optical anisotropy under the cross-polarized microscope We have formulated the pseudoceramide, cholesterol, stearic acid, and other components to make an emulsion that mimics SC lipid composition (Park et al, 2000) . To make lamellar structures in the emulsion, POE(15) glyceryl monostearate, and glyceryl monostearate were used as emulsi¢ers (Myers, 1988) . Detailed explanation of the composition and formulation of the emulsions has been described in a previous report (Park et al, 2001a) . MLE-SC was formulated by using type III synthetic ceramide, whereas other components and the procedure were the same as for MLE-PC. Non-MLE was prepared with the same emulsifying system, but the ceramide contents were excluded and the long chain fatty acid composition was slightly changed.
Both MLE-PC and MLE-SC showed a typical optical anisotropy by cross-polarized microscopy (Fig 2A,B) . This ''Maltese cross'' appearance is a characteristic con¢guration observed in concentric lamellar emulsion under cross-polarized microscopy. Several droplets of non-MLE also showed a faint ''Maltese cross'' , but the optical anisotropy was not so distinct compared with the MLE-PC and MLE-SC and it might be due to the emulsifying system (Fig 2C) .
The heat of adsorption peaks from MLE-PC and MLE-SC represents the phase transition behavior of the tested emulsions In a previous report, the pseudoceramide/fatty acid/ cholesterol mixture showed a phase transition at 48.41C (Park et al, 2000) . The phase transition temperature of MLE-PC, MLE-SC, and non-MLE emulsion were 51.191C, 50.521C, and 51.861C, respectively, which were slightly higher than that of the three components system mentioned above (Fig 3) . In addition, the heat of adsorptions for MLE-PC and MLE-SC were 5.6762 and 5.294 ( J g), respectively, but not signi¢cant (o0.01 J g) in the non-MLE system. This presence of phase transition temperature in DSC was possibly due to the structural change of emulsion. The heat of adsorption of MLE-PC was slightly higher than that of MLE-SC, which, in part, might be due to the more rigid molecular organization of MLE-PC than that of MLE-SC.
Lateral packing: Only the hexagonal phase was observed in MLE-PC and MLE-SC The di¡raction patterns of the tested emulsions are depicted in Fig 4. MLE-PC and MLE-SC showed a weak, but distinct di¡raction peak at a spacing of 0.4119 nm and 0.4110 nm, respectively, at 301C, which indicated the presence of hexagonal lateral packing (Fig 4A) . Although an increase of temperature could result in an increase of chain mobility of lipid components and the disturbance of the molecular organization of the emulsion, an identical series of di¡raction patterns were observed for both emulsion at elevated temperature up to 601C. A slight increase in packing space, however, was also seen with elevated temperature and no distinct di¡raction pattern was observed at 801C for either MLE-PC or MLE-SC (Fig 4B,C) . Friberg et al (1987 Friberg et al ( , 1999 suggested that glycerin and other polyols could slow down the phase transition under a dry environment and could exert some maintenance e¡ects on the epidermal lipid as a £uid, hexagonal, or orthorhombic structure. Thus, glycerin, 1,3 -butylene glycol, and water in MLE-PC could prevent crystallization. Moreover, the emulsi¢ers with high HLB (hydrophilic^lipophilic balance) also could exert a preventive role against the formation or transition into crystalline phase. Under room temperature, the hexagonal lateral structure of MLE-PC was not disturbed after 6 mo (data not shown).
Non-MLE emulsion, however, did not show any distinct peak in the WAXD analysis ( Fig 4A) . As we attempted to make the non-MLE emulsion not express lamellar structure, the absence of repeated peak pattern is not surprising.
In previous studies using WXRD, the human SC lipids showed lattice spacing of 0.415 nm and 0.375 nm at room temperature, which could be assigned to the orthorhombic, and one peak at 0.412 nm at 451C, which could be interpreted as from the hexagonal phase (White et al, 1988) . Both MLE-PC and MLE-SC contain the major components of human SC lipids such as cholesterol, free fatty acid, and (pseudo)ceramide. The peaks that could be assumed for orthorhombic packing, however, were not seen in all the observed emulsions, although a broad but distinct peak for the lateral hexagonal packing was observed. It might be due to the polyols and water components that could present the hexagonal phase at room temperature. The structural di¡erence of pseudoceramide and synthetic ceramide from the ceramide 1 also might be a reason for this structural discrepancy between the MLC-PC and MLE-SC from native human SC lipid, as the presence of ceramide 1 is considered crucial for proper lipid phase behavior in lipid mixtures (Bouwstra et al, 1998b .
SAXD: MLE-PC showed repeated distances of 7.61 nm and 11.5 nm but MLE-SC and non-MLE did not show a wellordered repeated distance The SAXD di¡raction patterns of MLE-PC, MLE-SC, and non-MLE are plotted in Fig 5. For MLE-PC, four peaks (second, third, fourth, and ¢fth order) were attributed to the long periodicity lamellar phase with a repeat distance of 11.5 nm, which is slightly lower than the long periodicity phase (LPP) shown in intact human SC. A short periodicity phase (SPP) with a repeat distance of 7.61 nm was also seen in MLE-PC, as could be deduced from the three peaks of the ¢rst, second, and third order (Fig 5A) .
The relatively short distance of the LPP in MLE-PC compared with that in native SC lipids might be due to the short fatty acid chain length of the pseudoceramide and free fatty acid used in MLE-PC. In pig SC, the fatty acid chain length linked to ceramide varies between C16 and C33, in which fatty acids of C24 and C26 chain lengths are most abundantly present, whereas the pseudoceramide used in MLE-PC has fatty acids of C16 and C18 chain lengths. The free fatty acid used for MLE-PC has a short chain of C18, compared with the free fatty acids in SC lipids with major factions being C24 and C26. The pseudoceramide and free fatty acids of relatively short chain length could decrease the long periodicity spacing, in accordance with the suggestion by Bouwstra et al (1999) that the match in chain length between free fatty acid and ceramides might be important for phase formation.
Whereas MLE-PC showed both LPP and SPP, MLE-SC showed only SPP with a repeat distance of 7.61 nm. It seemed that the second order peak of LPP existed at a spacing of 5.88 nm, but the apparent repeated pattern was absent, possibly due to the low intensity (Fig 5B) .
In non-MLE, a repeated peak pattern was not detected (Fig 5C) .
Electron microscopic observation showed the lamellar structure of emulsion TEM pictures of each emulsion are shown in Fig 6. Upon TEM observation using the ruthenium tetroxide post¢xation method, the gross morphology of droplets in each emulsion was twisted and destroyed, compared with the round shapes in Fig 2. Although the emulsions were embedded in agar, the exposure to graded ethanol for dehydration and high temperatures, which are routine processes for TEM, might have twisted the shapes of the emulsion droplets. From the cross-polarized microscopic observations, which showed a de¢nite optical anisotropy, the existence of multilamellar structures in MLE-PC and MLE-SC were predicted; however, non-MLE also showed a typical lamellar structure, and we could not ¢nd a signi¢cant di¡erence between MLE-PC, MLE-SC, and non-MLE. The appearance of the lamellar structure in the non-MLE might be due to the emulsi¢ers used to stabilize the emulsion. Even though non-MLE did not show a distinct optical anisotropy, some droplets were seen with faint optical anisotropy where the cetanol and emulsi¢er might locate the colloidal surface and stack with lamellar structure (Suzuki, 1986) .
During the ruthenium tetroxide post¢xation, hydrophilic groups showed an electron dense pattern, so the hydrophilic head group and hydrophobic tail domain were stained with di¡erent intensity. Compared with conventional SC lipid, the emulsions showed increased intensity, possibly due to the hydrophilic emulsi¢er systems. POE(15) glyceryl monostearate has many polyethylene groups, and in the emulsion system, a total 4.5% (w/w) ratio of emulsi¢er to total emulsion was used. At high temperature, the polyoxyethylene group lost its hydrophilic characteristics so it could stack with hydrophobic hydrocarbon, which produced the more intense staining compared with the human SC intercellular lipids. The peaks indicated by the Arabic numbers in the ¢gure are attributed to the long periodicity lamellar phase of 11.5 nm (second, third, fourth, and ¢fth order). The peaks, which are indicated by the roman numbers, located at a spacing of 7.61 nm (2y ¼ 1.16), 3.88 nm (2y ¼ 2.27) and 2.54 nm (2y ¼ 3.47), are attributed to a short periodicity lamellar phase. (B) In MLE-SC, a lamellar phase with a periodicity of 7.61 nm is observed. It seems that the 2 nd order peak of long periodicity lamellar phase is seen at a spacing of 5.88 nm (2y ¼ 1.50), but the repeating pattern is absent (single asterisk). (C) The di¡raction pattern of non-MLE shows peaks at a spacing of 8.32 nm (2y ¼ 1.06) and 2.51 nm (2y ¼ 3.51), but no repeating pattern is seen.
After phase transition according to water loss, both orthorhombic and liquid sublattices, as well as hexagonal phase were shown in MLE-PC, whereas liquid and hexagonal phases were observed in MLE-SC and non-MLE.
To investigate the phase transition behavior according to the water loss in emulsion, a small amount of each emulsion was spread in the Petri dish, and incubated at 451C under constant humidity. During the incubation, the weight loss was measured by analytical balance. After 24 h of incubation, the incubated samples were observed by XRD.
The WXRD peak patterns of the dried emulsions are shown in Fig 7. After drying, the non-MLE showed a distinct peak at a spacing of 0.4595 nm and a shoulder peak at a spacing of 0.4141 nm, which could be attributed to the liquid crystalline and hexagonal phases, respectively. MLE-SC showed a sharp peak at a spacing of 0.4119 nm and a broad peak at 0.4431 nm, which could be attributed to the hexagonal and liquid crystalline phases, respectively. Whereas MLE-PC also showed the two peaks, which could be attributed to the liquid crystalline lattice in addition to the hexagonal structure, it showed another weak, but distinct peak at a spacing of 0.3929 nm, which could be attributed to the orthorhombic lattice of MLE-PC after the phase transition by lowering the water content.
DISCUSSION
In a previous paper, we reported that the topical application of a MLE-PC could accelerate the recovery rate of acutely or chronically barrier disrupted skin. Mao Qiang et al reported that topical application of physiologic lipid mixture accelerated the recovery rate of barrier function, whereas incomplete lipid mixture might inhibit the normal recovery process (Mao-Qiang et al, 1996) . As non-MLE did not have any signi¢cant e¡ect on the barrier recovery, we concluded that the pseudoceramide content could play a major part in the barrier recovery e¡ects.
The use of pseudoceramide, however, resulted in the formation of a lamellar structure and it has not yet been reported whether the lamellar structure itself might play a part in the barrier recovery process. To investigate the relationship between the emulsion structure and its clinical e⁄cacy, we tried to observe the structural di¡erence of the emulsions according to their compositions. In addition to MLE-PC, we have formulated another emulsion that contains synthetic type III ceramide (MLE-SC). In a preliminary study, we compared the e⁄cacy of both emulsions, MLE-PC and MLE-SC, on the skin barrier function recovery after acute disruption using a hairless mouse model. Although not signi¢cant (p40.05), MLE-PC treated skin showed a slightly higher recovery rate after acute disruption than MLE-SC treated skin (data not shown). In addition, MLE-PC treated skin showed a signi¢-cantly (po0.05) higher recovery rate than non-MLE treated skin.
From the many previous reports, LPP of 13 nm is suggested as being crucial for the proper organization of lipid lamellar and important for the permeability barrier function of the skin. The presence of the LPP therefore could be an important factor to characterize the molecular organization of emulsions. From the SAXD results, MLE-PC showed two lipid lamellar phases with repeat distances of 11.5 nm and 7.61 nm. Considering the short carbon chain length of free fatty acid and fatty acid moiety in pseudoceramide used for MLE-PC, it is possible that the LPP of MLE-PC with a repeat distance of 11.5 nm could correspond with the LPP in intact human SC. According to the molecular organization model proposed by Bouwstra et al (2002) the hairpin conformation of ceramide 1 in the mixture of cholesterol, free fatty acid, and ceramide results in SPP, which is represented by the narrow low-electron density region of the characteristic The di¡raction patterns of MLE-PC, MLE-SC and nonemulsion after incubation; LIQ, ORT and HEX denotes di¡ractions attributed to liquid phase, orthorhombic phase and hexagonal phase, respectively. After incubation, all the observed emulsions show a phase transition to liquid phase due to the water loss. In MLE-PC, a distinct peak at a spacing of 0.413 nm and a weak peak at 0.393 nm suggest the phase transition to orthorhombic, while only the lateral packing of hexagonal and liquid phases are observed in MLE-SC and non-MLE.
''broad-narrow-broad'' band in TEM observation. In the electron microscopic observation of MLE-SC, however, the low-electron region was nearly identical in width (Fig 7A, inset) . Whether the conformation of pseudoceramide in MLE-PC might result in an identical bandwidth remains to be elucidated by further investigation and modeling.
When a lipid mixture is topically applied to the skin, it undergoes two di¡erent phase transition pathways. First, the skin surface lipid could be mixed with the topically applied lipid mixture, and it could exert some disturbing or enhancing e¡ects for the structure of the lipid mixture, thereby resulting in phase transition. But, the signi¢cant di¡erence in the quantity of the skin surface lipid and topically applied lipid makes this e¡ect relatively negligible. The second, and possibly dominant pathway for phase transition is due to the decrease in water content of the lipid mixture according to the spontaneous evaporation or adsorption into the skin. When an oil-in-water emulsion is applied to the skin, it generally passes the liquid crystal or gel phase and ¢nally stabilizes as a water-in-oil emulsion (Friberg et al, 1999) .
To investigate the phase transition behavior of the emulsions after topical application on skin, we designed a simple model: spreading the emulsions on Petri dishes and incubating under a constant temperature, which resulted in decrease of water contents. After 24 h of incubation, three tested emulsions showed di¡erent phase transitions. In general, phase transition to the liquid crystalline phase was observed in all of the tested emulsions, although the initial hexagonal phase was also maintained. Only MLE-PC showed an orthorhombic phase, which predominantly exist throughout the human SC intercellular lipids (Pilgram et al, 1999) . Pilgram et al (2001) reported that the lateral organization of intercellular lipid is predominantly a hexagonal phase in lamellar ichthyosis and atopic dermatitis skin, and suggested that orthorhombic packing is required for proper SC barrier function. Phase transition to orthorhombic phase was seen in MLE-PC, and this structural similarity to native human SC lipid could render some bene¢cial e¡ects on barrier function recovery. In addition, in an open clinical crossover evaluation in childhood atopic dermatitis, the average SCORAD (SCORe Atopic Dermatitis) index improved in both the MLE-PC treated and commercial moisturizing cream (5% urea) treated subgroups, but the patients who received MLE-PC treatment had better results (31^35% decrease, po0.05) than the commercial moisturizing cream treated patients (13% increase to 14% decrease). The subjective satisfaction scores of the symptoms and signs of the patients, including itching, erythema, and dry skin, were higher in the MLE-treated patients than in the commercial moisturizing cream treated patients (Lee et al, in submission) .
In conclusion, MLE-PC was shown to express a lateral hexagonal phase and lamellar structure with both the LPP and SPP, which corresponds to the molecular organization of intercellular lipid in human SC. Furthermore, phase transition of initial hexagonal phase into orthorhombic phase was observed in MLE-PC in an experimental model for topical application on skin, and this could be bene¢cial for the barrier function of the skin.
